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1. Introduction 


A common interest of both community and ecosystem ecologists is to partition a com- 
munity into functional subunits for analysis. In animal ecology the “guild” (Root 1967) 
has been used as a tool for analyzing the relationships within an assemblage of functionally 
similar species. In ecosystems ecology organisms processing resources in similar ways have 
been organized into “functional groups" (Cummins 1974). Both of these approaches make 
a priori assumptions about the importance of taxonomic and trophic similarity. 

In studies of soil communities, interest in the species composition of the fauna has tended 
toward two extremes. At one extreme are taxonomically oriented papers that provide 
information on a single species or a taxonomically restricted group of species. Abundance, 
distribution, or response to perturbation, is often described as well, but there is little corre- 
lation to soil processes or to other taxonomic groups. At the other extreme are the ecosystem 
oriented studies where a great variety of species are ‘black boxed” into a few broadly de- 
fined compartments such as detritivores or predators with little consideration of the behavior, 
biology, or ecology of the constituent species. 

Since most soil organisms are very small and cryptic, it is difficult to construct food 
webs that reflect actual trophic behavior. Examination of gut contents can be used to 
determine at least some of the components of the diets of animals that engulf their food, 
but gut-content analysis is strongly biased toward substances that resist digestion and have 
easily recognizable structures (amorphous materials" is a common category in soil animal 
gut content studies). Many soil animals feed only on fluids, however, and visual examina- 
tion of gut contents is futile. In very simple systems such as the barren islands near Ant- 
arctica, electrophoresis of fluid-feeding predator gut contents has been used to recognize 
predation on a limited set of prey (Lister 1984). However, the dozens of predator and hund- 
reds of potential prey species in temperate soils would be a formidable array to characterize 
and analyze by electrophoresis. 

In this paper we have attempted to use an inductive approach to discover functionally 
similar groups of soil predators (defined as organisms that kill and consume animals) by 
observing predator-prey interactions in laboratory arenas. We believe that these laboratory 
observations establish a baseline of potential predator-prey interactions. If a predator can 
recognize sympatric animals as prey, successfully attack those prey, and develop to an adult 
on those prey, we believe that these are reasonable indications of what may be occurring 
in the soil. Acutal predation in the field is assumed to be a subset of the behaviors observed 
in the laboratory determined by prey abundance and availability, predator preferences 
or switching, and environmental factors. 
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2. Materials and methods 


2.1. Collections 


Predators were extracted from soil samples from the University of Nebraska High Plains Agri- 
cultural Laboratory near Sidney, Nebraska during the time of peak rainfall (May—June of 1985, 
1986, 1987) and temperature (July 1986, August 1987, September 1985). Samples included 216 
cylindrical cores 4.9 cm in diameter divided into two depths (0—5 and 5—10 cm) taken from native 
sod, and from a fallow and cropped winter wheat rotation. Live animals were extracted from blocks 
of native sod taken with a shovel to the depth of about 15 cm. The sod is composed primarily of 
blue grama [Bouteloua gracilis (H.B.K.) GnirrrrHs] and buffalo grass [Buchloe dactyloides (NvTT.) 
EnGetm.] (Fenster & Pererson 1979). A variety of other semiarid grassland sites were sampled 
in Wyoming, Colorado, New Mexico, Arizona, and Texas (see WarTER 1987b) and in some cases 
(as noted in the tables) feeding relationships for Sidney species were inferred from closely related 
taxa from these sites. 

Tullgren funnels were used to extract live arthropods into jars with moistened plaster of Paris 
floors. Arthropods observed preying on other arthropods or belonging to taxa assumed to be preda- 
ceous were sorted from the live collections with a moistened camel's hair brush and introduced to 
rearing containers of a variety of sizes (2.5—6 cm in diameter) with caarcoal-plaster of Paris(1: 7 
or 1: 10 by mass) floors. 

In the shortgrass steppe, predators include mites, spiders, pseudoscorpions, bugs, ants, beetles, 
fly larvae, diplurans, centipedes, symphylans, protozoa, fungi, and nematodes. Protozoa are pre- 
datory only on other protozoa (ELLIOTT & Coreman 1977) and will not be considered in greater 
detail. As there is no extensive layer of surface litter in the shortgrass steppe, where most primary 
production is belowground (Coreman 1971), predators that forage primarily aboveground (ants, 
carabid beetles, anystoid and erythraeoid mites, spiders, etc.) are not analyzed. Predators restricted 
to cattle dung are also excluded from this study. 


2.2. Observations 


Observations of predatory behaviour were obtained using the following techniques [symbols 
in brackets refer to tables]: (1) Predators observed feeding on prey from the same live collection 
[= +]. (2) Adults or large immatures that could be identified as belonging to taxa considered preda- 
ceous were removed from live extractions to individual species culture containers and offered a 
mixture of prey types both from live extractions and from cultures of animals established from 
Sidney soil [feeding commonly observed = +, feeding rarely observed = (+)]. (8) Since soil pre- 
dators could be food limited and preferred prey may not always be available in the natural environ- 
ment, predators that did not feed on a particular prey types were isolated with that prey type until 
they were observed feeding [starvation feeding = (-)] or began to deteriorate (loss of vigor and death) 
[= -]. (4) To determine if particular prey types were adequate to support development, eggs or 
gravid females of some predators were transferred to containers with only nematode prey or only 
arthropod prey [development from larva to adult on a prey type = +*]. 

If predators were not observed alive [= not observed], feeding information is based on the 
literature [+] or on probable diets based on related closely species from similar habitats [= ?] as 
noted in the tables. Three species would not feed in the laboratory. For one of these (Symphylellina 
sp.), gut contents of field collected individuals revealed prey types [+]. The other 2 species are 
fluid-feeders [= no feeding observed]. The prey of the encyrtid wasp parasitoid was determined 
by extraction of parasitized scale insects by heptane flotation (WALTER et al. 1987). During the 
period of observation (24 months) a number of prey taxa that are generally considered detritivores 
or fungivores were observed feeding on animal foods under the conditions described under (2) above. 
These animals are discussed as omnivores below. 


2.3. Prey organisms 


Microarthropods used as prey were extracted alive and, when possible, cultured on microphytes 
isolated from the same soil (see WALTER et al. 1986, Warrer 1987a). Prey were considered to fall 
into 6 types: Nematodes, Collembola, Soft-bodied Acarina (Prostigmata, Astigmata), Hard-bodied 
Acarina (adult Oribatida, Pygmephoridae and Seutacaridae), Oribatid nymphs, and Other (fungi, 
algae, carrion, detritus). 

Nematodes used as prey were extracted using Baermann funnels and cultured on agar plates 
inoculated with bacteria or fungi. Nematodes prey included Panagrolaimus sp., Cephalobus nanus 
(AypRassy), and Acrobeloides spp. (Rhabditida), Aphelenchoides sp. and Aphelenchus avenae Bas- 
TIAN (Tylenchida). Collembola used as prey included Isotoma notabilis SCHAEFER and Folsomia 
elongata (MacGtuitvray) (Isotomidae), Pseudosinella sp. (Entomobryidae), Hypogastura scotti 
(Yost) (Hypogasturidae), and Tullbergia granulata Mitts (Onchyiuridae). Soft-bodied mites used 
as prey items included Kupodes sp. (Eupodidae), Alicorhagia fragilis BERLESE (Alicorhagiidae), 
Tyrophagus spp. (Acaridae) and a variety of tydeid and tetranychid mites. Hard-bodied mites 
offered as prey included Pilogalumna sp. (Galumnidae), Oppiella nova (OupEemANS) (Oppiidae), 
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Fig. 1. Levels of behavioral organization for predatory soil arthropods at Sidney, Nebraska. Depending on the criteria used, any number of "guilds" 
could be distinguished between the species and functional group levels. 


Bakerdania spp. (Pygmephoridae), Seutacarus sp. (Scutacaridae) and other oribatid and heteros- 
tigmatid mites. 

Feeding observations were made under a Zeiss dissection microscope with fiber optic illumi- 
nation at magnifications of up to 250x. Gut contents were examined under oil immersion. Cul- 
M were maintained at room temperature, which averaged 23?C (maximum diurnal range 20— 
26 °C). 


3. Results 
3.0. Preliminary note 


More than 40,000 soil microarthropods from Sidney were screened for predators. More 
than fifty species of arthropods that obtain at least part of their diet from animal prey 
were identified. Forty-one of these species were collected alive and feeding observations 


Table 1. General predators from shortgrass steppe sod at Sidney, Nebraska 


Prey Types 
Taxon Nematodes Collembola Acarina Comments 
Fluid Feeders 
Mesostigmata 
Laelapidae 
Cosmolaelaps vacua 1* +* +* 
(MICHAEL) 
Ololaelaps veneta (BERLESE) +* +* i* 
Pseudoparasitus n. sp. +* +* + 
Euandrolaelaps karawaiewi +* + 
(BERLESE) 
Hypoaspis ef. similisetae +* + = 
KARG 
Hypoaspis ef. giffordi ? ? ? not observed 
Evans & TILL 
Hypoaspis ef. nolli Kare ? ? 2 not observed 
Phytoseiidae 
Amblyseius cf. brevispinus — 4-* ( +* 
(Kennett) 
Ascidae 
Gamasellodes vermivoraz +* +* +* 
WALTER 
Protogamasellus mica +* +* + 
(Arutas) 
Asca ef. piloja HunzsuTT +* + + 
Arctoscius cetratus (SELL- + + + after Binns 1974 
NICK) 
Macrochelidae 
Macrocheles schaeferi War- +* +* +* 
TER 
Rhodacaridae 
Rhodacarellus silesiacus T* Tt t 
WILLMANN 
Rhodacarellus subterraneus + + (+) 
WILLMANN 
Rhodacarus denticulatus + + + 
BERLESE 
Engulfers 
Chilopoda 
Lithobiidae ? ? ? after KünNELT 1976 
Symphyla 
Symphylellina sp. T + + from gut contents 
Reh Winn cu ——————Á——— aioa: ooa 
Explantation of symbols: + = used as prey; (+) = rarely used as prey; (—) = fed only under 


starvation conditions; ? = probable prey; * = reared from larva to adult on that food source. 
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were obtained for 38 of those species. In all except two cases, if a predator would not feed 
on a prey type when a choice of prey was available, then it did not feed on that prey type 
even when starved. Twenty-seven species were maintained in culture for more than one 
generation on at least one food type. 

Although Roor (1967) specifically rejected taxonomy as a basis for guild structure, 
most published “guild” studies have been restricted to closely related species or to a single 
larger taxon. In our assemblages, however, taxonomically defined groups rarely delineate 
unique trophic behaviors (tables 1—3). Depending on the criterion used, a perplexing array 
of “guilds” or “functional groups" could be constructed (tables 1—3, fig. 1). Based on what 
we believe is an important distinction in our system (the differential soil pore space use and 
moisture regimes of nematode and arthropod prey), we have used the feeding studies to 
place these predators into three functional groups, general predators (table 1), nematode 
specialists (table 2), and arthropod specialists (table 3), which are discussed below. Although 
our main emphasis was to study predatory species, we also found that at least 3 species of 
saprophytic fungi and at least 9 species of mycophagous microarthropods will also feed 
on live nematodes (table 4) and we refer to these organisms as omnivores (see WALTER 1987 b). 
We consider omnivores to be a functional group occupying an intermediate trophic position 
between predators and saprophages. 


3.1. General predators 


We define general predators (table 1) as those that feed at or near the top of the below- 
ground food web. These predators show little indication of preference and will generally 
attack any animals small and slow enough to overcome. General predators are able to utilize 
the three main belowground energy channels, i.e. the bacterial and fungal based detrital 
components (Hunt et al. 1987) and plant roots by consuming bacterial-, fungal- and plant- 
feeding nematodes, as well as mycophagous and phytophagous arthropods. 

Depending on the level of taxonomic, morphological, or behavioral resolution used, a 
number of guilds of general predators could be defined. At Sidney, 16 species of fluid-feeding 
mesostigmatie mites (in 5 different families), a centipede, and a symphylan act as general 


Table 2. Specialized predators of nematodes from shortgrass sod at Sidney, Nebraska 


Prey Types 


Taxon Nematodes Collembola Acarina Other Comments 


Fluid Feeders 
Mesostigmata 
Eviphididae 
Eviphis sp. + — — 
Alliphis cf. halleri + 
(G. & R. Can.) 
Crassicheles sp. +* 


Engulfers 
Endeostigmata 
Bimichaelidae 
Alyeus roseus Kocu +* — — 
Alicorhagiidae 
Alicorhagia fragilis +* — — fungi, algae 
BERLESE 
Alicorhagia usitata +* — — fungi 
THERON et al. 
Nematoda 
Dorylaimida ? not observed 
Tardigrada ? not observed 


Explanation of symbols: -- — used as food; — — not fed on even if no other food available; ? — 
probable food; * — reared from larva to adult on that food source. 
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Table 3. Predators of arthropods from shortgrass steppe sod at Sidney, Nebraska 


Taxon 


Prey Types 


Nematodes Collembola 


Soit-bodied Hard-bodied 


Acarina Acarina 


Comments 


Pursuit Predators: 


Diplura 

Japygidae 
Japysx sp. 

Campodeidae 
Campodea sp. 


Mesostigmata 

Veigyiidae 
Veigaia sp. 

Phytoseiidae 
Amblyseius spp. 


Prostigmata 
Rhagidiidae 
Coccorhagidia sp. 
Hammenia sp. 
Cunaxidae 
Pulaeus clarae DEN 
HEYER 
Pseudobonzia sp. 


Ambush Predators: 


Pseudoscorpionida 
Neobisiidae sp. 


Prostigmata 
Bdellidae 
Spinibdella cronini 
B. & B. 
Cyta latirostris 
(HERMANN) 
Cunaxidae 
Armascirus sp. 
Cheyletidae 
Prosocheyla n. sp. 


Slowly Foraging Predators: 


Raphignathoidea 
Stigmaceus raynei 
SuMMERS 
Neognathus sp. 
Raphignathus gracilis 
Rack 
Cryptognathus barrasi 
S. & M. 


Hymenoptera 
Encyrtidae sp. 1 


4% 


m 


after KÜHNELT 
1916 


not observed 


not observed 


after GILBERT 
1951 


based on 
Cheyletus 
cacahuamil- 
pensis B. 


no feeding 
observed 
no feeding 
observed 


parasitoid of 
root-feeding 
pseudococcids 


Explanation of symbols: + = used as food; (+) = rarely used as food; (—) = fed on only under 
starvation conditions; — = not fed on even if only food available; n = fed on nymphs, but not 
adults of oribatids; ? = probable food; * = reared from larva to adult on that food source. 
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Table 4. Organisms which feed on both nematodes and microbes or detritus (omnivores) from 
shortgrass steppe soil at Sidney, Nebraska 


Food Types 


Taxon Fungi Algae Nematodes Arthropods Detritus 


Engulfers 


Oribatida 
Galumnidae 
Pilogalumna sp. +* +* +* (+) T 
& scavenger 
Haplozetidae 
Haplozetes sp. + + + 
Ceratozetidae 
Ceratozetes sp. 1 + + we 
Astigmata 
Acaridae 
Tyrophagus zachvatkini +* +* +* scavenger +* 
VOLGIN 
Collembola 
Hypogasturidae 
Hypogastura scotti +* +* +* — 4 
Yosu 
Isotomidae 
Folsomia elongata + t zi 
MacG. 
Coleoptera 
Staphylinidae 
Anotylus sp. +* + + cannibal + 
Nematoda 
Diplogasteridae ? ? ? 
Fluid feeders 
Prostigmata 
Eupodidae 
Eupodes sp. Ed ~- (+) = 
Paratydeidae 
Tanytydeus') sp. ? ? ? = 
Tydeidae — + 2 
Fungi 


Arthrobotrys sp. + 4B 4 
Acremonium sp. + + de 
Verticillium sp. + ae 


1) not observed alive, but the related Paratydeus sp. will feed on both fungi and nematodes at a 
low rate. 


Explanation of symbols: + = fed on avidly; (+) = rarely used as food; ? = probable food; — = 
not fed on even if no other food available; * = reared from first instar to adult on that food source. 


predators. One could consider mesostigmatic mites as a guild, although other mesostigmatic 
mites are exclusively nematophagous (table 2) or primarily predators of arthropods (table 3). 
Centipedes and symphylans are much larger than mesostigmatie mites and engulf their 
prey. We have not observed centipedes feeding on nematodes; however, since they are 
known to prey on small worms (Kijunett 1976) and we have centipedes from the foothills 
of the Rocky Mountains with nematodes in their guts, it seems likely that at least the smaller 
instars may be nematophagous. Symphylans are generally considered to be detritivores 
or root feeders (KÜrwELT 1976); however, in our samples, Symphylellina sp. had only ani- 
mal material in their guts (nematodes, springtails, mites, and other symphylans). 
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3.2. Nematode predators 


A number of phylogenetically distant groups have convergently become specialized 
nematophages (table 2). Fluid feeding mesostigmatic mites in 3 genera of the family Evi- 
phididae fed only on nematodes in the laboratory. Species of Alliphis are reported to be 
strict nematophages in Europe as well (Kare 1983). Most endeostigmatie mites are myco- 
phagous, however, two very different families in this group have convergently become 
nematophages. Alicorhagiid mites still retain the ancestral characteristic of feeding on 
fungi, but require nematode prey to grow and reproduce, while bimichaelid mites in the 
genus Alycus are entirely predatory and never feed on microphytes (WALTER in press). 
Like mesostigmatie mites, species of Alycus and Alicorhagia actively forage for their nematode 
prey; however, they lack the heavy sclerotization of mesostigmatic mites, have longer devel- 
opmental times, and engulf the bodies of their prey rather than feed only on the fluids. 
We were not able to successfully culture any dorylaimid nematodes, however, other short- 
grass steppe localities have dorylaimid nematodes that are believed to be predaceous (R. 
Incuam pers. comm.). Specialized nematophages were rare at Sidney, and other taxa of 
nematode predators, such as mononchid nematodes, were not collected. 


3.3. Arthropod predators 


There is a large assemblage of predatory species that feeds exclusively on arthropods and 
does not prey on nematodes. As far as is known, all of these species feed on prey fluids and 
do not ingest the exoskeletons. Prostigmatic mites in the families Bdellidae, Cunaxidae, 
Stigmaeidae (Stigmaeus), Caligonellidae (Neognathus), Raphignathidae (Raphignathus), 
Cryptognathidae (Cryptognathus), and Cheyletidae showed no interest in nematodes, 
even in the absence of other prey (table 3). Neobisiid pseudoscorpions, campodeids, and 
japygids readily capture and feed on collembolans and small insects but we have not been 
able to observe them feeding on nematodes. 

Arthropod predators have the greatest range in behavior and morphology of any of the 
functional groups, making the establishment of guilds based on taxonomy, body size, or 
other a priori characteristies especially arbitrary. Unlike other predatory groups, there 
are three distinct foraging modes within the group of predators that specialize on arthropod 
prey. Pseudoscorpions, bdellid mites, cunaxid mites in the subfamily Cunaxinae, and chey- 
letid mites lie in wait and pounce on (ambush) their prey. Prostigmatie mites in the super- 
family Raphignathoidea sedately search out their prey and suck the fluids of their sessile 
(eggs) or slow-moving prey. Encyrtid parasitoids of root-feeding scale-insects forage simi- 
larly for a sessile prey. Diplurans, mesostigmatic mites, and some prostigmatic mites (Rha- 
gidiidae, Cunaxoidinae) are rapidly moving predators that pursue and capture active prey. 

Most mites in the superfamily Raphignathoidea are believed to be predators (KRANTZ 
1978, KernLeY 1982). Species in several genera of the family Stigmaeidae are known to be 
predators of arthropods and have been used as biological control agents in orchards (SAN- 
tos & LanG 1985). On the other hand, one of the common stigmaeid taxa in the short- 
grass prairie ( Eustigmaeus spp. = Ledermuelleria) is known to feed on mosses (GERSON 
1972). We reared Stigmaeus raynei Summers on the nymphs of an oribatid mite ( Piloga- 
lumna sp.), and have reared a related species, S. sphagneti (Hu), on soft-bodied prostig- 
matic mites and the eggs and nymphs of a mesostigmatie mite. We have repeatedly been 
unsuccessful in obtaining any feeding observations on any raphignathid or eryptognathid 
mites in spite of numerous attempts and a broad variety of foods offered (mites, Collembola, 
nematodes, eggs of mites and Collembola, fungi, algae, detritus). It seems likely that raphig- 
nathoid mites may be extremely specialized feeders. For example, we have observed Neo- 
gnathus (Caligonellidae) investigating eggs of prostigmatic mites and feeding (1 observation) 
on an egg of an acarid mite ( Tyrophagus). 

Mesostigmatie mites that specialize on arthropod prey (some Amblyseius spp., Veigaia 
sp.) will eat nematodes only if no other prey are available. In the laboratory, all 3 species 
of Amblyseius observed showed a tendency to be negatively geotactic. Presumably, these 
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mites are obtaining a significant proportion of their diet from small phytophagous arthro- 
pods feeding on above ground portions of grasses. As might be expected, Collembola spe- 
cialists like Veigaia, are rare in the shortgrass steppe since springtails are abundant in the 
upper layers of soil only after rainfall (Moore 1986). Cyta latirostris (HERMANN) is the only 
predator with mouthparts that can puncture armored mites. Spinibdella cronini (BAKER & 
BaLock) and Armascirus sp. are able to subdue collembolans that are much larger in mass 
than themselves, and aggressively consume any small soft-bodied arthropods. Species of 
Hammenia, Coccorhagidia, Pulaeus and Pseudobonzia are all believed to be predators of soft- 
bodied arthropods in the deeper layers of the mineral soil. 


3.4. Omnivores 


At Sidney, at least 9 species of microbial grazers, including beetles, springtails, and 
oribatid, acarid, and prostigmatic mites can switch to feeding on nematodes (Table 4). Some 
species (i.e. Tyrophagus zachvatkini Vouer) will attack dead, injured, and molting arthro- 
pods as well as nematodes that are in a dry, anhydrobiotic stage (WALTER ef al. 1986). 
Pilogalumna cozadensis Nevins also feeds on injured arthropods and anhydrobiotie nema- 
todes and will capture small, slow-moving collembolans. Tydeid mites are very abundant 
in the shortgrass steppe. In the Chihuahuan Desert tydeid mites are believed to be im- 
portant predators of nematodes (Santos et al. 1981). Although predation is a common behavior 
in tydeid mites (HzssErx & PrRRING 1986), we have not been able to confirm it in the 
shortgrass steppe species. Conversely, some normally predatory mites have been shown 
to feed and develop on fungi or plant materials (TAwrcosmi 1982, IMBRIANI & MANKAU 
1983.) Diplogasterid nematodes act as general grazers, feeding omnivorously as predators 
and bacteriophages (Yeates 1971). 

Although we were not specifically attempting to find nematophagous fungi, a species of 
Arthrobotrys (Deuteromycetes: Moniliaceae) (probably from spores carried on the cuticle 
of a microarthropod) colonized our nematophagous mite cultures. This fungus grows sapro- 
phytically, and it is also a voracious predator of nematodes. Predation by this type of nema- 
tode-trapping fungus (adhesive network) is believed to represent the exploitation of an 
alternative food source by a weak competitor for saprotrophic resources (QuinN 1987). We 
have also isolated other fungi in the form genera Acremonium and Verticillium that trap 
animals (BARRON 1977) from Sidney soil. Fungi with sticky hyphae will also entangle mites 
(Manxav 1968) and collembolans (DRECHSLER 1944). 


3.5. Prey defenses 


We have used the prey species that naturally co-oceur with the predators to establish 
broad prey categories to determine feeding behaviors of predatory species, but we do not 
wish to imply that all species or individuals within those categories are equally acceptable 
as prey items. Some of the Sidney Mesostigmata show definite prey preferences (WALTER 
1987c) and effects of diets on reproductive rates have been demonstrated for some of the 
Sidney Mesostigmata (Warrer, Hunt & Erorr, in press) and near relatives (AFIFI & VAN 
DER Grest 1984). It is also important to recognize that there are a number of biases in- 
herent in obtaining feeding observations in laboratory arenas. 

Prey defenses that might allow an animal to escape a predator in the field are often not 
effective in a laboratory arena. Small soft-bodied mites in the families Nanorchestidae, 
Eupodidae, and Terpnacaridae and most species of springtail are able to evade predators 
by jumping. This defense is most useful against predators that run down their prey and is 
less effective against ambush predators. The jumping defense is probably of limited use to 
prey cornered in soil channels but it is very effective in the laboratory. Collembola continue 
to grow in size throughout their lives, and large collembolans are relatively immune to attack 
except from predators that hunt in packs (Usuer & Davis 1983) and ambush predators. 
Heavily sclerotized adult oribatid mites, mesostigmatic mites, and beetles are protected from 
most predators. The immature stages of these groups are less well sclerotized and more 
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subject to predation. Other mites (Cosmochthonius, Phyllozetes) have enlarged setae that 
are erected when a predator attacks and physically keep the predator from reaching the 
prey. This type of defense is probably especially effective in soil pores and channels Small 
springless springtails, e.g. T'ullbergia granulata Mitts, produce a distasteful chemical when 
they are attacked. Either predators quickly become accustomed to this taste or the reservoir 
of the chemical becomes depleted because a second or third attack by a predator in an arena 
is usually successful. 

Most of these defenses are not absolute and they only reduce the probability of an indivi- 
dual becoming a meal. Only the larger adult oribatid mites and beetles seem to be relatively 
immune to the predators in the shortgrass steppe. Small, soft-bodied mites and nematodes 
seem to have no defense, except perhaps a high reproductive rate and an ability to inhabit 
pore spaces smaller than many predators. The abundance and importance of nematodes in 
grassland soils (PETERSEN 1982, Ianua et al. 1985, Hur et al. 1987) may explain the 
variety of orgnisms that prey on them. Some of the smaller mesostigmatic mites probalby 
have access to most of the soil pore space available to nematodes. These predators are 
very small (<450 um in length), narrow, and flattened, and their chelicerae are only a few 
microns in diameter and can be extended to probe small pore spaces. During dry periods, 
nematodes may become anhydrobiotic. In that state, they are not available to most ne- 
matophages which then must subsist on alternative prey. As mentioned above, however, 
at least some of the omnivores are able to consume dry nematodes in much the same fash- 
ion as they eat fungi or detritus. 

The importance of nematode prey to the community of predatory and omnivorous 
microarthropods, and conversely the inability of many arthropod predators to use nematodes 
as food appears to represent an important distinction in semiarid soils. Nematodes are 
considered an important trophic resource for mesostigmatie mites in general (Kare 1983), 
and a diet of nematodes alone will support many mesostigmatic species (tables 1, 2). Pre- 
datory Prostigmata appeared unable to recognize nematodes as prey. This behavior seems 
to be true even in more mesic habitats. For example, a large stigmaeid mite, Stigmaeus 
sphagneti (Hutt) (collected from a montane river canyon), will probe nematodes with its 
chelicerae but does not feed on them, and Puca & Kine (1985) report that only one of three 
species of intertidal bdellid mite fed on live nematodes. 

Unlike nematodes, many belowground arthropods are active during dry periods and are 
a more predictable resource for predators. General predators can switch to arthropod prey 
when nematodes are rare. In contrast, arthropod predators have been able to specialize on 
defended, but predictable, types of arthropod prey. For example, Spinibdella cronini (Ba- 
KER & Batock) is able to use silken threads to subdue large collembolans 3—4 times their 
mass, whereas Cyta latirostris (HERMANN) is able to pierce the armor of heavily sclerotized 
mites. 


4. Discussion 


“Do clusters of functionally similar species exist?” (Pranxa 1978), that is do ecologically 
active clusters of species exist as the result of "natural" processes independent of human 
definition. Roor (1967) defined the "guild" as **... a group of species that axploit the same 
class of environmental resources in a similar way" and specifically excluded taxonomy 
as a criterion for guild membership, although Root restricted his analysis to a small set of 
insectivorous birds. Ecologists have tended to ignore Root's caveat about taxonomy and 
assumed that phylogenetic relationships equate to ecological relationships. The use of taxo- 
nomically defined guilds has been strongly criticized (Jaxstc 1981, Harrston 1984), but 
seemingly to little effect. Meanwhile, numerous studies have demonstrated strong interac- 
tions between phylogenetically distant taxa. For example, tropical lizards have been shown 
to suppress the abundance and utilization of prey of spiders (SCHOENER & SPILLER 1987). 
Similarly, ants and rodents have been shown to compete for seed resources in desert systems 
(Brown & Davipson 1977). 
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Although monophyletic taxonomic groups are the result of natural process, the “natural 
ness” of these groups is restricted to shared morphology and general life history characteris- 
ties. In this study, taxonomically defined groups occassionally reflected consistent trophic 
behaviors, however, none of these taxonomically defined groups at the level of genus, fa- 
mily, superfamily, suborder, order, subclass, class or phylum monopolized a particular type 
of trophic function. For example, mesostigmatic mites (subclass Acarina, order Parasit- 
formes, suborder Mesostigmata) could be considered a taxonomically defined guild. Approxi- 
mately 20 species in seven families of mesostigmatic mites occur at Sidney. These 20 species 
are similar in many respects, all have chelate-dentate chelicerae with which they grasp 
their prey and all act as rapidly foraging fluid-feeding predators with adult body sizes between 
400—900 um, females which mature 1—2 eggs at a time, and egg to adult developmental 
times of 2—4 weeks. However, the observed trophic behavior of this group is very diverse 
and species of mesostigmatic mites have been placed in all 3 proposed predator functional 
groups (tables 1—3). More importantly, the Mesostigmata do not form a unique trophic 
group. Many unrelated organisms have diets that are equivalent to the mesostigmatic mites 
in all 3 predator funetional groups, and there is no reason to assume that by themselves 
the Mesostigmata represent a unique aspect of community dynamies. 

Using criteria similar to Roor (1967) (birds which glean insects from foliage at a site), 
one might propose a guild of ‘mites which feed on soil nematodes”. This “guild” could in- 
clude predators which subsist entirely on nematode prey (table 2), general predators of any 
small soil animal (table 1), and omnivores which feed on both fungi and nematodes (table 4). 
Although pf all of the nematophages may impact nematode populations, there is no reason 
to assume that they do so as a group. All except the specialized nematophages have alter- 
native prey. More importantly, acarine nematophages do not represent a unique trophic 
behavior at Sidney. In spite of extremely diverse morphologies, a variety of fungi, beetles, 
collembolans, symphylans, and predatory nematodes overlap in diet with a “mite nemato- 
phage” guild. 

Guild studies clearly fall into two types: the taxonomically defined guilds discussed 
above, and functionally defined guilds devised to deal with the high diversity of arthropod 
communities associated with plants. Roor's (1973) analysis of guilds of arthropods on collard 
attempted to use mode of feeding to partition arthropod species into functional guilds (Roor 
used the term “functional group” for all collard foliage arthropods, p. 98). Studies using 
this second approach (Moran and Sovruwoop 1982, SrorK 1987) have been willing to 
rank function (for example leaf chewers vs. sap feeders) over taxonomy to some extent. 
However, taxonomy has still been the basic criterion of guild assignment. For example, 
“insect predators" means predators belonging to the taxon Insecta (as opposed to Arachnida 
or Chilopoda), not predators of insects (StorK 1987). 

Ovum (1964) suggested that the primary focus of system ecology be the study of “...the 
structure and function of levels of organization beyond that of the individual and species.” 
In system ecology, the functional aspects of species interactions are assumed to be the most 
important predictors of community organization. For example, CUMMINS (1973, 1974) 
organized the heterotrophs in stream systems into “functional groups” based on the size 
of the food particles consumed. Taxonomic relationship was not considered to be of overrid- 
ing importance and functional groups could contain animals as different as insects and fish. 
Although most system ecologists are willing to admit that functional groups are an ad hoe 
approach to community organization, the underlying assumption has always been that 
functional criteria provide the natural divisions in an ecosystem. 

In practice it is probably impossible to consider the functions of all of the organisms in 
even a simple community. Not only are apparently simple food webs often extremely 
complex (BRADLEY 1983), but organisms may be difficult to place into simple trophic cate- 
gories as, for example, the omnivores in this study or trophically distinct adults and larvae 
of many insects (Sronk 1987). In our study, nematophagous fungi were considered only 
after they had forced their attentions on us. Fungi or protozoans which parasitize nematodes 
or arthropods (i.e. complete their life cycle in a single animal) were beyond our abilities 
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to assess, although we realize that as far as the prey is concerned the net result is the 
same. 

When one is attempting to model the dynamics of a food web, the important components 
are the flows of energy and material through consumers, not the taxonomic position of the 
consumer. It is behavior that determines function in an ecosystem, and morphology is at 
best a weak guide to behavior. In the upper root zone of the detrital based food web of the 
shortgrass steppe, predators are primarily, but not exclusively, arthropods. We originally 
hoped to identify guilds of predators for use as system variables in an analysis of the detrital 
food web at Sidney. However, taxonomically defined guilds are not reliable predictors 
of trophic interactions. Related species have diverged in feeding behavior, and unrelated 
organisms have converged in resource use. Other characteristics could be used to arbi- 
trarily define guilds (e.g. hunting behavior, body size, developmental time, etc.); however, 
there are no reasons for considering any of those groupings as representing unique aspects 
of food web dynamics. In the soils of the shortgrass steppe, where dry periods are irregularly 
broken when thunderstorms produce bursts of activity (Hunv et al. 1987), we believe that 
the ability to utilize a moisture dependent prey (nematodes) is an important functional 
distinction to consider when modeling the dynamics of this system. Therefore we have sug- 
gested three ad hoc functional groups of predators based on the relative ability to feed on 
nematodes. 
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Synopsis: Original scientific paper 
Warrer, D. E., H. W. Hunt, & E. T. Extiorr, 1987. Guilds or Functional groups? An analysis of 

predatory arthropods from a shortgrass steppe soil. Pedobiologia 31, 247—260. 

Laboratory studies of prey selection by arthropods from a semiarid soil suggest that 4 types 
of predators occur: (1) general predators of arthropods and nematodes; (2) specialists that feed 
exclusively on nematodes; (8) specialists that feed exlusively on arthropods; and (4) omnivores that 
feed primarily on microphytes, but also take animal (primarily nematode) prey. We believe these 
groups represent important functional differences since nematode and arthropod prey have different 
access to soil pore space, and nematodes are unavailable as prey during periods of low soil moisture. 
Other organisms, e.g. nematode and arthropod trapping fungi and omnivorous nematodes, also 
act as predators in the soils of the shortgrass steppe and must be considered in a functional group 
analysis. Because of convergence in trophic function by phylogenetically unrelated organisms and 
divergence in trophic behaviour by related taxa, taxonomically defined guilds were of little use in 
attempting to analyze the predator community in the shortgrass steppe soil. 

Key words: Arthropods, predators, guilds, functional groups, trophic behaviour, short grass, steppe, 
soil. 
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